Abstract. The purpose of this study is to design the Visual Display Terminal parameters for the visual comfort and high performance. Taguchi's Design of Experiments method was used to determine the optimum level of parameters that consist of external and internal lighting, monitor position angle and eye-to-monitor distance. An experimental study was conducted in Ergonomics laboratory. Typing operation was done as a case study. 15 university students (7 males and 8 females) with age range between 21-26 years old took part. The results of study finds that the optimum external lighting (A1) = 1325 Lux, the monitor-eye position angle (B2) = 15 º, The distance vision from eye -monitor (C1) = 20 inches, internal lighting (D1) = 60 Lux. This study has also found that eye blinking decreased about 50% and the performance increased about 89.76%. Thus, the parameters of VDT can produce better visual comfort and performance.
Introduction
High productivity can be achieved if an operator works comfortably when interacting with the computer. One of the factors affecting the visual comfort is Visual display Terminal (VDT) variables. Visual comfort is determined by the performance of the lighting system such as not dazzling and showing the true colors (Hendrawan, 2003) .
A computer operator should complete the task in a short time with good results. In fact, longer time spent working in front of a computer can affect eye comfort, which eventually will result in impairment of the eyes. The hazard of computer use may occur 75% -90% on visual performance. This is caused by light radiation of computer screen as well as electromagnetic waves released by the computer electrical system (in Swamardika NIOSH, 2001) .
A fatigue symptom in the eyes is called Computer Vision Syndrome (CVS). The symptoms are blurred vision, dry eye, headache, neck pain, shoulders and back pain. In addition, the use of VDT can cause dry eye syndrome to the workers. Such impaired vision can be caused by boredom; fatigue and eye strain resulting in dizziness, and blurred vision.
Musculoskeletal disorders such as tension in the neck muscles also affect the operators' comfort and performance which accounted for up to 22% (in Swamardika NIOSH, 2001). Glare disturbances (glare) in the eye has been very disturbing for the operator especially those working in a long duration. It also has a significant influence on the level of precision of the work, increased workload, and ultimately, reduced productivity. Therefore, research on the optimization of the design on computer operator activities is important.
Research Methods
Taguchi's Method. Taguchi's method combines a statistical and engineering method that was developed by Genichi Taguchi. It aims to improve the performance of computer operators (Belavendram, 1995) . This method is to identify various major factors and to set values obtained from the smallest variation based on the empirical study. Subjects. Subjects were fifteen university students who were familiar with the typing task using the computer. Their age ranges between 21 -26 years old. All subjects were identified as having no visual problem. Table 1 presented anthropometrics data of subject. Apparatus. A climate chamber was used in this experiment to reduce noise from outside. Several tools, such as lux-meter, stopwatch, meter rolls, protractor, and observation sheet were used to measure some variables.
Experimental Design And Procedures
Design of experiment. The computer operators were instructed to complete a typing task for 15 minutes under a combination of controlled variables such as external lighting, monitor position, visibility and internal illumination. The task is a manuscript typing. The result was a score of typing in the range between 0-1000. The experiment was carried out 32 times for each computer operator with two replications in the climate chamber ergonomic laboratory. Adjustments were performed on the room lighting (external) which contained two fluorescent lights right above the operators and four fluorescent lamps located in the four corner of the room. The internal lighting (monitor) was also adjusted in brightness level from 60 to 70 lux. The eye-to-monitor distance and the eye-toAdvanced Engineering Forum Vol. 10 185 monitor viewing angle follow the combinations specified by Taguchi's Design of Experiment (DOE). Table 2 and Table 3 show the variable of factor level and level of noise factor. The distance of the eye in general. Procedures. The experimental procedure is divided into two phases, namely experiment planning and execution phases. The planning phase included the following steps: 1. Identification and selection the factors that may affect the value of computer typing. The factors were considered as independent variables in the quality characteristics of the typing true value like the indoor lighting, the light emitted from the computer monitor, eyemonitor visibility, and angle of the eye to monitor position. 2. The defining and separating of the controllable and uncontrollable factors and the noise factors. In this step, the factors that may affect the quality characteristics were divided into two groups; control and noise factor. Control factors in this experiment and the reason of selection were: a. External lighting (lighting coming from the room lights), could be changed as needed. b. The angle of monitor to eye position. c. Visibility distance of eyes to monitor. d. Internal lighting (lighting that comes from the computer monitor).
The involved noise factor in this study and the reason of selection were as follows: a. The time that was divided into two periods, namely morning (07:00 to 11:00) and afternoon (13:00 to 17:00). b. The gender, consisting male and female students.
3. Selection of levels or stages of each factor, including control factors and noise factors used in the experiment.
4. Selection of orthogonal matrix (orthogonal array) and assignment of the factors into the orthogonal matrix. Selection of orthogonal matrix includes inner and outer arrays. In this study, it involved two factors of noise, each of which consisting of 2 levels/standards to obtain orthogonal design matrix that was written as the L4 standard. It was considered as the outer array.
5. The characteristics of selection were measured using organoleptic test to determine a dependent variable. There was only one dependent variable in the study, namely the value of correct typing. The test was done with hedonic organoleptic test using the order of panelists' success. The target oriented quality used the principle; the larger value is the better.
Current Trends in Ergonomics
Implementation of computer typing was conducted through the following stages: a. Tests were conducted using the hedonic test where the researchers would score the panelists based on the correct typing results with the following rate: 5 = Very Good 4 = Good 3 = enough 2 = Good enough 1 = Not Good b. The operators trained were 15 people. They were university students tested by their typing skills earlier. The instrument to provide the outcome scores were obtained from the combination of orthogonal matrix L8 (inner array) and L4 (outer array). Table 4 presented a result of the Taguchi method on the factor levels and effect of response. Optimum factor level was obtained when external lighting (A1) = 1325 Lux and average effect control of factor A on level 1 is 3.8691 and the monitor-eye angle = 15º. The Average effect control of factor B on level 2 is 3.8500, with distance of eye -Monitor (C1) = 20 inches. The control of factor C on level 1 is 3.8566, where internal light (D1) = 60 Lux. The performance improvement is 89.76%, and eye-blinking rate after experiment is 12-18 times. 
Results

Discussion
The results show that the existing combination factors of level A1, B1, C1 and D1 is at 11.7922. In addition, the calculated optimum μ is11.9481 and the percentages (100% -10.24%) is 89.76%. It means that the overall performance of computer operator is increased by 89.76%. Re-observation was conducted to the computer operator comfort that encompasses eyestrain after the experiment using Taguchi's method. It obtained a better result because it can reduce eye strain compared to the earlier condition. Eye blinking rate during the experiment without implementing Taguchi's DOE was 25-40 times per minute. But, after implementing Taguchi's DOE, the eye blinking rate was 12-18 times per minute. So, the operators felt more comfortable than before. It can be seen in the graph below:
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Figure 1. Comparison of eyes blinking
Conclusion
It can be concluded that:
a. The Set of the optimum parameters of VDT for external lighting is at level 1 (325 Lux) and internal lighting is at level 1 (60 lux). b. The Set of the optimum parameters of VDT for the angle of the monitor to eye position is at level 2 (15°), and the distance of eye to monitor is at the level 1 (20 inches). c. The performance improvement is 89.76% and the visual comfort improvement is 50%.
